IntroductIon Studies conducted so far have shown that patients with left ventricular hypertrophy have increased adiponectin levels; however, these studies were performed only in resting condition.
IntroductIon
Adiponectin is an adipocyte--derived cytokine that is abundantly present in human plasma. Increased levels of adiponectin have been reported in patients with left ventricular (LV) hypertrophy and heart failure.
1-3 Adiponectin has been shown to be a potent modulator of hypertrophic signals in the heart. 1 Moreover, hyperadiponectinemia is associated with increased severity of ventricular dysfunction in congestive heart failure. 4 It has been reported that increased adiponectin is associated with diastolic 5 or systolic 6 LV dysfunction in hypertrophic cardiomyopathy (HCM). In nonobstructive HCM with preserved systolic function, higher adiponectin levels were correlated with diastolic LV dysfunction measured invasively. 4 In a larger, heterogeneous group (both nonobstructive and obstructive, normal and decreased systolic function), higher adiponectin levels were associated with decreased LV contractility.
5 However, in these 2 studies, adiponectin was measured only in the Japanese patients with HCM, and it is unclear whether the results in that population could be extrapolated to the European
orIGInAL ArtIcLE
Exercise modulates circulating adipokine levels in hypertrophic cardiomyopathy ferred in HCM patients as shown in an important, previously conducted study. 9 The LVOT gradient was measured using continuous wave Doppler ultrasound. Care was taken to report only those gradients derived from Doppler velocity profiles typical of subaortic obstruction that avoided contamination by the mitral regurgitation jet.
After supine examinations, all patients were placed in an upright position and treadmill exercise test was performed using the modified Bruce protocol, and LVOT gradients were continuously monitored echocardiographically. Patients were exercised only to a moderate level of workload, since we wanted to obtain an optimal quality of the Doppler signal. 10 According to a previously tested protocol, 10 the exercise was stopped at 8 minutes or earlier if patients were unable to continue exercise (dyspnea in 10 patients). At peak exercise, the LVOT gradient was measured as the only monitored echocardiographic para meter.
For adequate comparison, healthy controls were exercised to a similar level of workload (exercise was stopped at 8 min). The peak exercise heart rate was similar in HCM patients and controls. No symptoms during exercise were reported by control subjects.
Blood samples were taken between 8 a.m. and 9 a.m. (after an overnight fast) at rest and immediately after peak exercise echocardiography. Adiponectin, leptin, and resistin levels were measured using Bio-Rad Luminex flow cytometry (Millepore, Billerica, Massachusetts, United States). Coefficients of variation for the 3 analytes ranged from 6.5% to 10%. statistical analysis Data were given as the mean ± standard deviation. The Kolmogorov-Smirnov test was used to assess conformity with a normal distribution. The Student's t-test was used to test differences. Relationships between variables of inter est were examined with Pearson's correlation analyses. P <0.05 was considered significant.
rEsuLts Demographic and clinical characteristics of the study patients and controls were similar (tAbLE 1). The peak exercise heart rate was comparable between HCM patients and controls.
In echocardiograms recorded in resting condition, septum at end-diastole was significantly thickened (22.65 ±3.38 mm). LV cavity size was normal (LV end-diastolic diameter 42.93 ±6.58 mm, LV end-systolic diameter 24.13 ±5.18 mm). The LV contractility was preserved (fractional shortening 43.2% ±6.8%) The resting LVOT gradient increased significantly at peak exercise in patients with HCM (11.96 ±8.09 vs. 26.93 ±19.67 mmHg, P <0.0001).
At baseline (at rest), the adiponectin level tended to be increased in patients with HCM (P = 0.09), while resistin and leptin levels were significantly higher in patients with HCM than in controls. The baseline levels and effect of exercise in both patients with HCM. As regards the potential role of the LV outflow tract (LVOT) gradient in the regulation of adipokine meta bolism, in the study by Unno et al. 5 only nonobstructive patients were examined, while Kitaoka et al.
6 analyzed a very low percentage of patients with obstructive form of HCM (below 10%) and a significant proportion (nearly 25%) of patients had apical form of HCM, which was uncommon in the European patients. To our knowledge, there have been no reports on plasma leptin levels in HCM and only 1 report on resistin. 7 Therefore, the aim of the current study (in patients without apical hypertrophy and without LV systolic dysfunction that may depress the LVOT gradient) was: 1 to compare the resting and exercise levels of adiponectin, resistin, and leptin between patients with HCM and healthy controls 2 to correlate the levels of the 3 adipokines with the LVOT gradient both at rest and at peak exercise.
PAtIEnts And mEthods
We studied 29 patients with HCM (mean age 42.7 ±11.9 years; 16 men and 13 women). Patients were diagnosed with HCM on the basis of typical clinical, echocardiographic, and hemo dynamic features. 8 The cardiac exclusion criteria were as follows: concomitant atrial fibrillation, valvular heart disease, previous myocardial infarction (natural or induced by alcohol septal ablation), and history of systemic hypertension. Noncardiac "metabolic" exclusion criteria were acute illness, cancer, renal or hepatic dysfunction, diabetes or meta bolic syndrome.
In resting supine echocardiographic examination, the severity and distribution of LV hypertrophy were assessed and maximal LV wall thickness was detected at septum in all patients. Based on echocardiographic data, no patients with LV cavity dilatation or depressed LV contractility or apical form of HCM were included in the study. Only patients without resting LVOT obstruction were included into exercise study. At peak exercise, a significant LVOT obstruction was detected in 9 patients.
The University Ethical Committee approved the study, and all study participants gave their informed consent.
The control group included 19 subjects matched for age, sex, and the body mass index (BMI).
Echocardiographic study Transthoracic echocardiographic examination was performed, and in each patient M-mode and 2-dimensional echocardiograms were obtained, followed by pulsed and continuous-wave Doppler ultrasound examinations. Conventional techniques were used for the measurement of the LV size. LV contractility was assessed by fractional shortening. The use of any calculation formula based on geometrical assumption (elipic LV shape) are inadequate in HCM, in which the LV cavity is very irregular. The measure of fractional shortening is pre-and adipokines. Septum thickness was not associated with the 3 adipokines. In HCM, only adiponectin was correlated with age (strong negative correlations: r = -0.86, P <0.0001).
dIscussIon The current study has been the first to show that moderate exercise induces an increase in adiponectin levels and a decrease in leptin levels independent of a rise in the LVOT gradient in HCM patients. groups are presented in tAbLE 2 and FIGurEs 1, 2, and 3.
Neither the resting or peak exercise values of the LVOT gradient correlated with any levels of adipocytokines. The percentage increase of the LVOT gradient during exercise did not correlate with the percentage change of any level of adipokines. There were no associations between adipokines and other echocardiographic variables or LV dimensions, or between fractional shortening Protective role of adiponectin Leptin, adiponectin, apelin, and visfatin have all been shown to protect against ischemia/reperfusion injury and pressure overload. Experimental findings have shown that adiponectin has beneficial effects in the cardiovascular system by directly acting on the component cells of the heart and blood vessels. 16 In a recent study in HCM patients, 5 high adiponectin levels correlated with LV diastolic dysfunction, which may be associated with impaired utilization of adiponectin in the heart. Accordingly, Shibata et al. 17 have demonstrated in experiments on mice that adiponectin protects the heart from injury by accumulating in tissues subject to ischemic damage through leakage from the vascular compartment.
methodo logical consideration The inter group similarities of the baseline findings are important from a methodo logical point of view.
Monitoring the dynamic concentration changes of adipokine may be useful for clinical practice in several cardiovascular diseases.
2-4,11-13 Patho logical characteristics of HCM involve a number of various mechanisms. Consequently, measurements of bio markers may be useful to assess patophysiological pathways and disease severity. 14,15 In a previous study, 7 it has been shown that increased resistin levels at rest were significantly associated with HCM. Kitaoka et al. 6 have reported that LVOT obstruction is not correlated with adiponectin; however, obstructive subgroup in their study was relatively small in number. In the present study, we decided to explore this problem more comprehensively by extended analysis of adipokine changes during exercise as a provocative test for an increase in the LVOT gradient. In our measurements (with dynamic stress test), the lack of relation between adipokines and the LVOT gradient was confirmed for the European patients. a well-matched control group mitigates against significant recruitment bias. At peak exercise, only 1 echocardiographic parameter was measurable (i.e., the LVOT gradient). Therefore, the assessment of diastolic function was not possible. We need further study with invasive assessment of LV diastolic dysfunction during exercise as previously reported 30,31 in relation to adiponectin changes. According to Geske et al., 32 only invasive LV diastolic assessment is valid because precise characterization of LV filling pressure in HCM patients cannot be determined with the use of these noninvasive para meters.
Moderate exercise instead of maximal symptom--limited exercise was another limitation. Exercise beyond usual activity (e.g., to the higher value of heart rate in nonphysio logical exercise) was not performed because measurement is difficulat at peak exercise with high heart rate gradient. Additionally, Joshi et al. 33 suggested that symptom--limited exercise is rarely performed by patients with heart disease; thus, achieving 85% of predicted heart rate on the Bruce protocol is, for most, an artificial situation. Consequently, in the current study, natural (real-life) moderate exercise has been preferred to maximal/submaximal nonphysio logical effort, which is probably very rarely achieved in normal daily activity. This approach may be useful in the diagnosis of syncope -a serious complication of HCM.
34
conclusions and perspectives In patients with HCM, moderate exercise induces an increase in adiponectin levels and a decrease in leptin levels independent of a rise in the LVOT gradient. The potential role of adiponectin as a cardioprotective substance during exercise stress in HCM requires further studies with precise ischemia detection using myocardial exercise scintigraphy. In a study by Norrelund et al., 18 the effect of exercise on adiponectin was assessed in upright moderate exercise (7-10 min), and patients with heart failure were compared with healthy controls. In the current study, the exercise was also performed in an upright position and the exercise time was similar, and, importantly, both patients with HCM and controls were exercised into a comparable level. Additionally, both groups were comparable in terms of age, sex, and the BMI (important factors affecting adipokines).
The effect of short-term (acute exposure) was measured in healthy subjects only in a few studies, and usually exercise tests were longer and more stressed than in our protocol, and the effect on adiponectin was neutral. 19, 20 In one study with continuous and progressively intense intermittent exercise (27 minutes and 2 last minutes with maximal exercise), adiponectin was slightly increased at peak exercise.
21
In a very short acute exercise, adiponectin and leptin response to exercise may be different between men and women. 22 Most recently, it has been reported 23 that adipokine levels may be modulated even by a very short passive stimulus (warm-water bath).
In subjects without cardiovascular diseases, acute exercise induces a striking short-term increase in adipose tissue inter stitial adiponectin concentration in both overweight and lean subjects, a decrease in adipose tissue adiponectin mRNA, and no major changes in plasma adiponectin concentration. 24 It is possible that adiponectin has an auto crine/paracrine function in the adipose tissue during exercise.
In an ideal stress test for LVOT gradient provocation, maximum stressor would combine high inotropic stimulation with preload reduction. 25 Measuring the LVOT gradient in an upright position at peak exercise may be a more potent provocation and be more physio logic than in another stress test.
25,26 Upright exercise stress echocardiography induces a significant LVOT gradient and is an optimal stress test for modification of pharmacotherapy. 27, 28 methodo logical aspects of adiponectin measurement Some differences in adiponectin levels between the current and previous studies might have resulted from the use of different methods to determine this para meter. An enzyme-linked immunosorbent assay (ELISA), the most common method used in the previous studies, involves lower concentrations of adipokines. We applied a recently introduced assay based on the BioRad Luminex system. Our results obtained in the control group were similar to those reported in another study that also used this method. 13, 29 Limitation of the study Our study has several limitations. First, the number of patients enrolled in this study was small, mostly owing to numerous exclusion criteria. This resulted in a quite homogeneous population sample, which together with 
